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Abstract 
The purpose of this paper is to model the causal relationships and measure the degree of risk and uncertainty in the Romanian 
financial market in relation with the macroeconomic components. The results show that the Romanian financial market 
components are differentially affected by the degree of risk and uncertainty, while having different degrees of sensitivity to the 
modifications of the macroeconomic parameters. We argue that the insurance market is the most immune component of the 
financial market, being the most rigid in regard to macroeconomic variations. Its estimated risk and uncertainty rate is very low 
due to the current legislation regarding contracting insurance premiums. On the other hand, the evolutions of the currency market 
and of the capital market are most sensitive to risk and uncertainty. 
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1. Introduction 
For modeling the causal relationships and measuring the degree of risk and uncertainty on the Romanian 
financial market we applied quantitative analysis in order to measure the sensitivity of the financial market 
components (currency market, insurance market, non-performing loans market, capital market, tax system) to minor 
or major variations of the macroeconomic components (GDP, imports, exports, foreign direct investments, 
inflation). Based on validation criteria for the generated models, we estimated the degree of risk and uncertainty for 
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each component of the financial market. Therefore, studying the degree of risk and uncertainty was based on the 
evolutionary trajectory of the considered components, by analyzing their sensitivity to macroeconomic changes. 
2. Research methodology 
The annual data implied in the study was obtained from the official websites of: BNR* (RON/euro and 
RON/USD exchange rates), EUROSTAT† (the values of imports, exports, GDP, direct net investments, the 
percentage of bad debts), INSSE‡ (inflation rate), CSA§ (the insurances penetration rate) and KTD** (the BET Index - 
the Bucharest Exchange Trading Index). The annual data was selected for the 1997-2012 time period. 
The objective was to analyze the implied neural networks in order to find causal relationships between the 
modifications of the financial market variables and the modifications of the considered macroeconomic parameters, 
while also estimating the degree of risk and uncertainty. 
A neural network is generally represented under the form of a matrix, in which the matrix components are nodes 
or neurons connected in a particular way. Each neuron has several entries and exits. The entries are formed by a 
series of messages received from the environment. These messages are processed beforehand by other associated 
networks and then transmitted onwards. As the entry signal reaches the exit point, it can be a value or a set of values 
(represented through a vector or a matrix). The network is trained by receiving the necessary data in the process of 
rationalization, until the generated results are no longer random.  
The usage of neural calculus in quantitative analysis allows data processing with the help of algorithms and 
advanced neural networks. Macroeconomic prognosis researchers have increased their interest in neural networks 
due to a number of factors. First, neural calculus allows for complex problems to be solved efficiently, by applying 
easy to implement algorithms in automated, complex systems and offering a high degree of accuracy in extracting 
and manipulating information from the entry dataset, thus ensuring minimal redundancy and integrity in the dataset. 
Secondly, neural networks are more precise than the linear prognosis models applied to analyzed samples and to 
financial variables. However, neural networks present certain small disadvantages and thus need to be considered as 
complementary instruments for prognosis purposes. 
The algorithm for training neural networks that we used was Group Method of Data Handling (GMDH), which 
assumes that “a model can be represented as a set of neurons inside which different pairs of neurons, from each 
neural layer, are connected by a neural bridge characterized through polynomial functions, thus generating new 
neurons for the next layer” [Stancu&Constantin, 2014]. The neural network was implemented and trained with the 
help of GMDH Shell software, version 2.8.4, which implements the GMDH algorithm. 
The GMDH algorithm implies determining a fˆ  function, approximant in value for f , to predict the value of the 
exit yˆ  based on a vector ( )1 2, ,..., mu u u u= with m entries, considering that the estimated value must be as close as 
possible to the real value of the exit. For implementing a neural network with several entries and a single exit, the m 
entries are considered. According to Stancu & Constantin (2014), the steps of the algorithm are: 
Step 1. We construct a neural network having a GMDH structure in order to predict the value of the output hˆ . 
Being given ( )1 2, , ..., ,j j jmu u u u= we obtain ( )1 2, , ..., ,j j j jMh f u u u= 1,j N= , where N − represents the number of 
hidden layers and jh  − represents the output of the neurons from the hidden layer j. 
Step 2. We determine the GMDH type network so that we minimize the sum of squared deviations between the 
effective output and the estimated output, sum given by the relation: ( )( )21 2
1
ˆmin , , ..., .
N
j j jm j
j
f u u u h
=
−∑  
 
 
* National Bank of Romania: http://www.bnro.ro/Baza-de-date-interactiva-604.aspx 
† The Statistics Bureau of the European Commission: http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home  
‡ The Romanian National Institute of Statistics: http://www.insse.ro/cms/ro/content/ipc-serii-de-date 
§ The Romanian Commission for Financial Supervision: http://www.csa-isc.ro/index.php?option=com_content&id=70&Itemid=77&lang=ro 
** Financial site: http://www.ktd.ro/fin/cotatii_indici_full.php?an=2012&BET=1  
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Step 3. We consider all the possibilities at the level of two independent variables from the total of the m entry 
variables, in order to obtain the regression polynomial. 
3. Empirical results 
We present and interpret the empiric results obtained by determining the causal relationships between the 
variations of the financial market components and the variations of the macroeconomic parameters, as well as by 
assessing the degree of risk and uncertainty at the level of these relationships. We analyzed the following financial 
market components, affected by risk and uncertainty: the currency market (represented by the dynamics of the 
RON/euro, respectively RON/USD exchange rates); the insurance market (represented by the insurance penetration 
rate††); the non-performing loans market (represented by the rate of non-performing loans); the capital market 
(represented by the BET index); the tax system (represented by the volume of taxes). Using the neural networks 
analysis method, we modeled the causal relationships at the level of each component of the financial market in 
relation to the macroeconomic indexes (gross domestic product, the volume of direct net investments, inflation rate, 
volume of exports, volume of imports), thus generating nonlinear causal models between the analyzed elements. 
The degree of risk and uncertainty for the studied financial markets was determined as the deviance coefficient‡‡ 
of the evolutionary trajectory of interparametric dependencies, under the conditions of macroeconomic shocks. 
Therefore, in the obtained prognosis, the deviance coefficient represents exactly the risk and uncertainty that the 
future evolution will not respect the prediction and that the current trajectories will not be immune to future 
macroeconomic shocks. 
 
Table 1. The degree of risk and uncertainty specific to each financial market. 
Modeling the causal relationship at the level of each financial market by means of a neural network 
 
Financial market Degree of risk and uncertainty (%) 
Entry 
neurons 
Hidden neurons Exit 
neurons Neurons Layers 
Currency market – RON/USD  6,22 
1 29 3 1 
Currency market – RON/euro 5,545 
Insurance market 1,528 1 73 4 1 
Non-performing loans market 2,219 1 48 3 1 
Capital market 5,276 1 70 4 1 
Tax System 3,341 1 80 4 1 
 
In the presentation of results the following symbols are used: Ni - the estimated equation of neuron i; R_EUSD - the 
RON/USD exchange rate; R_EEURO – the RON/euro exchange rate; IP – the insurance penetration rate; NPL – the 
rate of non-performing loans; BET - the Bucharest Exchange Trading Index (RON); Tax – the volume of taxes 
(million RON); RInfl – inflation rate; GDP – Romanian Gross Domestic Product (million euro); Inv – the volume of 
direct net investments (million euro); Exports – the volume of exports (million euro); Imports - the volume of 
imports (million euro); 
 
a) The causal relationship on the currency market, for the RON/USD exchange rate dynamics: 
( ) ( )2222 22 25 22 25 25_ 0, 003625 0, 7696 0, 7621 1,157 1, 656 1, 702USDR E N N N N N N= − ⋅ + ⋅ ⋅ + ⋅ + ⋅ − ⋅
 
(1) 
where: ( ) ( )0,5 222 26 260.1698 0.04141 0.06154 0.8091 ;N RInfl N N= − + ⋅ + ⋅ + ⋅
 ( ) 30
2
3025 273.6ln00171.0ln7407.008402.0 NInvNInvN ⋅+⋅−⋅⋅−= ;     
  ( ) ;ln42.1ln14.326.181 226 GDPPIBN ⋅+⋅−=   
 
 
†† The insurance penetration rate is a synthetic indicator which emphasizes the contribution of the insurance sector to the creation of GDP; it is 
calculated as a rapport between the volume of gross direct insurance premiums and the gross domestic product (Dănuleţiu & Dănuleţiu, 2006)  
‡‡Calculated with GMDH Shell software, based on the errors inside the process of modeling the interparametric dependencies 
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    ( ) ( ) ( ) .ln05674.0ln417.1ln1495.0219.1857.7
2
2
1
2
1
30 InvInvInvRInflRInflN ⋅−⋅+⋅⋅−⋅+−=  
 
b) The causal relationship on the currency market, for the RON/euro exchange rate dynamics: 
( ) ( )22121
2
20212020 57.243153.002.2131.458696.006213.0_ NNNNNNER EURO ⋅−⋅+⋅−⋅⋅+⋅+=  (2) 
where: ( )22420 417.1ln048.04151.0 NInvN ⋅+⋅−= ;  
2421 191.9ln7825.0002493.0 NGDPN ⋅+⋅−= ; 
( )224 129.7 22.92 ln 1.011 lnN GDP GDP= − ⋅ + ⋅ . 
c) The causal relationship on the insurance market: 
( ) ( )237
2
243724 3237.8847.875.164692.0 NNNNIP ⋅+⋅+⋅⋅−=      (3) 
where: ( ) ( )27474
2
4324 2426.08769.02917,006437.0 NNNN ⋅−⋅+⋅+= ; 
( )210585537 10645.110175.110328.1144.0 GDPNGDPGDPN ⋅⋅−⋅⋅⋅+⋅⋅+= −−− ; 
( ) ( )2105243 10075.110432.3ln5822.0ln19.1111.54 GDPGDPExportsExportsN ⋅⋅−⋅⋅+⋅−⋅+−= −− ; 
( )274 1.891 0.00506 ln 0.01809 0.0001308N RInfl Imports RInfl RInfl= − ⋅ ⋅ + ⋅ + ⋅ ; 
( ) ( ) ( )2102142858 1098.2877.51069.910112.1043.1 GDPGDPGDPInvInvN ⋅⋅−⋅+⋅⋅⋅+⋅⋅−−= −−− ; 
d) The causal relationship  on the market of non-performing loans: 
( ) ( )2 235 35 47 35 47 470.1373 2.626 32.17 8.993 3.124 24.72NPL N N N N N N= + ⋅ − ⋅ ⋅ + ⋅ − ⋅ + ⋅   (4) 
where: ( ) ( )2235 39 390.051 0.00263 0.1785 0.000515 12.23 ;N RInfl RInfl N RInf N= + ⋅ − ⋅ ⋅ + ⋅ + ⋅  
( ) ( )25959
25
47 167.11882.01004.2041.0 NNRInflN ++⋅+= − ;
( ) ( )292539 10508.110957.11388.0 InvRInflN −− ⋅−⋅+=  
1872.059 =N . 
 
e) The causal relationship on the capital market: 
3936
5
36 1092.73833.04.569 NNNBET ⋅⋅⋅+⋅+= −       (5) 
where: 36 70 70391.9 0.1977 ln 0.8226 ;N N Inv N= + ⋅ ⋅ − ⋅  
             6868
5
39 132.31044.12056 NNGDPN ⋅+⋅⋅⋅−−= − ; 
ExportsimportsN ⋅−⋅+−= 2151.02965.06.62568 ;
GDPimportsimportsN ⋅⋅⋅−⋅+−= −670 10159.13328.03324 . 
f) The causal relationship inside the tax system: 
1818
5 121.110308.81506 NNGDPTax ⋅+⋅⋅⋅−−= −        (6) 
where: 7726
7
2618 10137.5018.13.865 NNNN ⋅⋅⋅−⋅+−= − ;
GDPInvGDPInvN ⋅+⋅⋅−⋅+⋅−= 122.2ln1483.0ln77351027.8 426 ; 
InvInveeN RInflRInfl ln10893.2ln10921.71052.310852.1 46564577 ⋅⋅+⋅⋅⋅−⋅⋅−⋅−= −− . 
The RON/USD exchange rate increased insignificantly in 2012, with only 0.15% compared to 2011. According 
to the previsions performed, during the 2013-2014 timeframe, the RON/USD exchange rate will have an 
infinitesimal increase of only 0.001%, significantly less than during 2012-2013 timeframe. During the 2015-2016 
timeframe, the RON/USD exchange rate will develop a negative dynamic of -0.5%. On the other hand, if the 
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RON/euro exchange rate increased with 0.2% during 2012-2013, it is estimated that it will attain a level of 0.15%, 
0.9% and 2.2% respectively, along the years 2013, 2014 and 2015.  
Under a degree of risk and uncertainty of 1.528%, the prevision analysis revealed an ascending evolution of the 
insurance market in the period 2012-2016. The insurances penetration degree will increase, from 1.3% of GDP in 
2012 to 3.3% of GDP in 2016, if this subcomponent maintains its position in the evolution of interparametric 
dependencies in relation to the other macroeconomic components. The rate of non-performing loans will increase 
considerably during the overall period of 2013-2016, its predicted value for 2016 being 29.6%, under a 2.2% degree 
of risk and uncertainty. On the capital market a considerable decrease of the BET index is expected during 2013-
2016, its predicted value in 2016 being of 1980.5 RON, under a degree of risk and uncertainty of 5.27%. The 
volume of taxes, subject to a degree of risk and uncertainty of 3.34%, will have an ascending evolution during 2013-
2016, as it is assumed that the macroeconomic politics already adopted or possible to be adopted will involve a 
continuous increase of the different taxation levels. Thus, from a volume of 131,747 million euro in 2012, the tax 
system will likely increase to a volume of 172.000 million euro in 2016. 
 
4. Conclusions 
 
In this paper we have shown that the financial market components are differentially affected by the degree of risk 
and uncertainty and are more or less sensitive to the variations of macroeconomic parameters. 
The sensitivity of the RON/USD exchange rate is highest in relation to the inflation rate, under a 6.22% degree of 
risk and uncertainty, the highest on the financial market according to this study. The dynamic of the RON/euro 
exchange rate is however more fragile to the GDP fluctuations. Thus, an infinitesimal variation of GDP leads to a 
decrease of approximately 15% in the RON/euro exchange rate. Still the degree of risk and uncertainty for the 
RON/euro exchange rate is of 5.54%, with 0.7 p.p. lower than that of the RON/USD exchange rate. 
From a risk and uncertainty viewpoint, the second most affected after the currency market is the capital market. 
On the other hand, the insurance market is the most stable component of the financial market, thus being the most 
rigid to macroeconomic changes. We argue that the degree of risk and uncertainty is lower on this market due to the 
current Romanian legislation, which imposes contracting insurance premiums through using well defined categories, 
thus imposing the maintenance of a structural impermeability of the insurance market. The rate of non-performing 
loans is also facing a significant increase, on the background of the loan risks and of the current economical context, 
while being subject to a 2.2% degree of risk and uncertainty. 
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